The heart and kidneys are important target organs in hypertension. Early signs of hypertensive target organ Abnormalities in left ventricular (LV) diastolic filling have been described in patients with hypertension, even in the absence of left ventricular hypertrophy (7-9). Moreover, impaired LV diastolic relaxation is a prognostic indicator of cardiovascular risk (10). An increased intrarenal resistance index (RI) evaluated by renal Doppler ultrasonography has also been reported in patients with essential hypertension (11, 12) . Assessment of intrarenal vascular resistance is useful in determining the degree of intrarenal damage. High levels of RI are associated with subclinical end-organ damage-namely microalbuminuria, LV hypertrophy, and carotid atherosclerosis-in hypertensive patients (13, 14) . In addition, an RI value of ≥ 0.8 is a strong and independent
Introduction
Both the heart and kidneys are very important target organs in patients with hypertension. Their damage is directly linked to heart failure or renal failure and is also associated with all cause mortality (1, 2) . As microalbuminuria is an independent predictor for not only renal complications but also cardiac complications (3) (4) (5) (6) , there may be a close relation between both impairments. However, it has not been fully elucidated whether cardiac damage progresses in parallel with renal involvement in hypertensive patients, particularly at the early stages.
predictor for the progression of renal disease (15) . These previous studies suggest that it is important to evaluate both LV diastolic function and intrarenal Doppler parameters to detect hypertensive target organ damage at an early stage. However, there has been no study examining the association between these early cardiac and renal changes. Thus, we conducted the present study to investigate whether there is any relation between LV diastolic dysfunction and intrarenal hemodynamic change in patients with treated essential hypertension.
Methods

Patients and Study Design
We evaluated 99 Japanese patients who were admitted to our hospital for the evaluation and treatment of hypertension. Exclusion criteria were the presence of secondary hypertension, myocardial infarction, valvular heart disease, atrial fibrillation, congestive heart failure, renal artery stenosis, and renal insufficiency (serum creatinine ≥ 1.5 mg/dl). Diabetic patients receiving hypoglycemic medication or whose fasting plasma glucose was ≥ 200 mg/dl or HbA1c was ≥ 8.0%
were also excluded from this study.
Hypertension was defined as an average blood pressure of ≥ 140/90 mmHg on at least two different occasions or by the presence of antihypertensive treatment. Among the 99 patients, 88 (89%) were receiving antihypertensive drugs, including combination therapy in some cases. The other 11 patients were also treated with diet and/or exercise therapy. Blood pressure, blood chemistry, and 24-h urinary collection were measured and echocardiography and renal Doppler ultrasonography were performed during their admission. Antihypertensive medication was not discontinued on the days of these echographic examinations.
Patients with previously diagnosed diabetes mellitus and patients who received the 75-g oral glucose tolerance test during their admission were divided into two groups. Patients who had a fasting plasma glucose of 110 mg/dl and a plasma glucose level of 140 mg/dl at 2 h after a glucose load were defined as having normal glucose tolerance. The other subjects, i.e., patients with impaired glucose tolerance or mild diabetes mellitus, were defined as having abnormal glucose tolerance.
All patients gave their informed consent to participate in the present study.
Biochemical Analysis
Blood samples were obtained in the morning after an overnight fast. Biochemical variables were measured using an autoanalyzer. Twenty-four-hour urinary collection was carried out to evaluate creatinine clearance. Urinary albumin excretion was evaluated as the albumin-to-creatinine excretion ratio.
Echocardiography
Two-dimensional echocardiography was performed using a cardiac ultrasound unit (Sonos 5500: Hewlett Packard, Andover, USA) as previously described (16) . Measurements included interventricular septal thickness (IVSTd), posterior wall thickness (PWTd), LV diameter at end-diastole (LVDd), and LV diameter at end-systole (LVDs). LV relative wall thickness (RWT) was calculated as (IVSTd PWTd)/LVDd. LV mass was estimated using the formula validated by Devereux and Reichek (17) : LV mass (g) 1.04 {(IVSTd PWTd LVDd) 3 LVDd 3 } 13.6. LV mass was normalized for body surface area and expressed as LV mass index (LVMI).
To assess LV diastolic function, the diastolic filling of LV was examined using Doppler echocardiography. The LV diastolic filling pattern was obtained with the sample volume at the tips of the mitral valve in the apical four-chamber view and recorded at the end-expiratory phase during quiet breathing (18) . The peak velocity of the early diastolic filling wave (E wave) and the peak velocity of atrial filling (A wave) were recorded and the A-to-E ratio (A/E) was calculated. The deceleration time (DcT) was measured as the time between the top of the E wave and the point where the descending part of the E wave or its asymptote crossed the zero line.
Renal Doppler Ultrasonography
Ultrasound examinations using a duplex Doppler apparatus were performed with subjects in a supine position in the morning after overnight fasting. Images were obtained with a duplex Doppler apparatus (SSA-380A: Toshiba Inc., Tokyo, Japan; and System FiVe: VINGMED, Horten, Norway) with a 2.5-3.75 MHz convex or sector array probe in both realtime/color-coded Doppler and pulsed Doppler modes. The peak systolic flow velocity (PSV), the peak diastolic flow velocity (PDV), and the end-diastolic flow velocity (EDV) of the segmental arteries were evaluated according to the method described previously (15) . The diastolic-to-systolic ratio (D/S PDV/PSV) and resistance index (RI (PSV EDV)/PSV) were calculated as the average of 6 total measurements in randomly selected segmental arteries from the upper, middle, and lower portion of the bilateral kidneys. The intra-assay and inter-assay coefficients of variation of these renal Doppler parameters were 2.6% and 3.4% (D/S), and 2.7% and 3.2% (RI), respectively.
Statistical Analysis
Statistical analysis was performed using StatView Version 5 Software (Abacus Concepts Inc., Berkeley, USA). Values were expressed as the means SD. Relations between variables were assessed using univariate linear regression analyses and Pearson's correlation coefficient. Multiple regression analyses were also performed to identify independent associations between LV diastolic function and renal Doppler parameters. The significance of differences between the two groups was estimated by unpaired Student's t-test. A value of p 0.05 was considered to indicate statistical significance.
Results
The clinical characteristics of all subjects are summarized in Table 1 . Since most patients were receiving antihypertensive drug treatment and the others were treated with diet and/or exercise therapy, their average blood pressure was well controlled. The LV mass of the present subjects was within normal (LVMI 125 g/m 2 ), but a concentric change in LV geometry (RWT ≥ 0.44) was observed. Their hearts also had an abnormal relaxation pattern (A/E ≥ 1.0 and DcT ≥ 230 ms), which is a common change in diastolic function observed in hypertensive patients. In renal Doppler parameters, an increase in RI (≥ 0.70) and/or decrease in D/S ( 0.50)
were found in about one fourth of the subjects, although their mean values were within the normal range. We examined the correlation between renal Doppler parameters and cardiac hypertrophy and diastolic function in all subjects. D/S had a negative correlation with both A/E (r 0.331, p 0.001) and DcT (r 0.309, p 0.002), two indices of LV diastolic dysfunction (Fig. 1) . RI had a positive correlation with A/E (r 0.325, p 0.001) and DcT (r 0.271, p 0.006). The observed association between renal Doppler parameters and LV diastolic function was independent of the use of any type of antihypertensive drugs ( Table 2) As for the associations with other clinical parameters, A/E was correlated with age, diastolic blood pressure, and creatinine clearance, and DcT was correlated with age and creatinine clearance (Table 3) . Both D/S and RI were correlated with age, diastolic blood pressure, creatinine clearance, fasting plasma glucose, and HbA1c (Table 4) . We investigated whether the observed relation between renal Doppler parameters and LV diastolic function was also independent of such factors as age, blood pressure, renal function, and glucose levels using a multiple regression analysis in all subjects. As shown in Table 5 , D/S had a significant association with DcT (β 0.240, p 0.044) independent of age and other variables, although when RI was included as an independent variable in place of D/S the association was not significant. As for the A/E, another index of LV diastolic dysfunction, only age was an independent determinant. Eighty subjects were divided into two groups by the absence or presence of abnormalities in glucose tolerance. No intergroup differences were found in clinical and echographic parameters except for fasting plasma glucose, HbA1c, and urinary albumin excretion (Table 6 ). We examined the correlation between renal Doppler parameters and LV diastolic function in each group. D/S and RI were significantly correlated with A/E and DcT in the subject group with normal glucose tolerance (Table 7 ). In the subgroup with abnormal glucose tolerance, however, the significant association between renal and cardiac Doppler parameters disappeared.
Discussion
The present study has demonstrated that LV diastolic dysfunction is associated with intrarenal hemodynamic change in patients with treated essential hypertension. Several studies have reported a relation between cardiac damage and renal damage in hypertensive patients. Echocardiographically determined LV mass and geometry have been associated with serum creatinine in patients with essential hypertension (19, 20) . LV mass has also been related to proteinuria and microalbuminuria in such patients (5, 21, 22) . As for LV function, it has been reported that patients with renal insufficiency had both systolic and diastolic dysfunction (23) . Furthermore, weak associations have been shown between microalbuminuria and indices of LV diastolic function (5). To our knowledge, however, the present study is the first to find a significant relation between LV diastolic function and renal Doppler parameters that are early markers of hypertensive target organ damage.
Both echocardiography and renal Doppler ultrasonography are noninvasive examinations that are frequently utilized for hypertensive patients. Echocardiography is usually used to evaluate LV asynergy, LV hypertrophy, and other cardiac complications. Renal Doppler ultrasonography is used as a screening test for renovascular hypertension due to renal artery stenosis. In addition, even if the patient's blood pressure is well controlled and there is no LV hypertrophy or re- A/E, peak velocity ratio of the atrial filling wave-to-early diastolic filling wave; DcT, deceleration time of the E wave; D/S, diastolic-tosystolic ratio; RI, resistance index; RAS, renin angiotensin system. nal artery stenosis and dysfunction, minor alterations in LV diastolic filling and in renal Doppler parameters may indicate that there are early impairments in the heart and kidneys, because these abnormalities are considered early signs of hypertensive target organ damage. Thus, the significant association between the two observed in the present study suggests that cardiac and renal damage in essential hypertension might progress in parallel from an early stage. There are several possible explanations for the mechanism of this association. In the present findings, age was a powerful determinant of both cardiac diastolic dysfunction and renal hemodynamic change. LV diastolic dysfunction (abnormal relaxation) in hypertensive patients is induced not only by LV hypertrophy but also by cardiac fibrosis with an increase in myocardial collagen matrix. It has been shown that the number and thickness of type I collagen fibers and intermolecular cross-linking of collagen are increased in the aged (24) . In an autopsy study, the percentage of focal and global glomerulosclerosis, the extent of interstitial fibrosis, and the extent of tubular atrophy were all increased with age (25) . These changes may cause an increase in blood flow resistance measurable at an upstream segmental artery. Another possible explanation for the mechanism is the effect of transforming growth factor (TGF)-β, which is well known to induce accumulation of extracellular matrix and tissue fibrosis (26, 27) . Because of these properties, TGF-β has been linked to myocardial and renal fibrosis. Furthermore, a recent study reported that the increased levels of TGF-β in patients with essential hypertension contribute to the development of target organ damage (28) . These findings suggest that humoral factors such as TGF-β, independently of age and hemodynamic factors, might influence both LV diastolic function and intrarenal vascular resistance.
Fig. 1. Correlation between renal Doppler parameters (D/S and RI) and left ventricular diastolic function (A/E and DcT) in all subjects. D/S was negatively correlated with
In the present subgroup analysis, no significant correlation was observed between renal Doppler parameters and LV diastolic function in patients with abnormal glucose tolerance, including those with mild diabetes mellitus. A high level of plasma glucose, even if its elevation is slight, has been shown to deteriorate LV diastolic function in patients with treated essential hypertension (29) . Interstitial accumulation of advanced-glycated end products, which include collagen, elastin, and other connective tissue proteins, may be responsible for alterations of the diastolic properties of the heart in persons with hyperglycemia (30, 31) . On the other hand, glomerular dysfunction, intrarenal arteriosclerosis, interstitial fibrosis, and interstitial edema are related to the alteration in intrarenal hemodynamics in diabetic patients (32) (33) (34) (35) (36) . Furthermore, many studies have reported that hyperinsulinemia and insulin resistance may contribute to both LV diastolic dysfunction (37) (38) (39) and glomerular hyperten- , diastolic-to-systolic ratio; RI, resistance index; A/E, peak velocity ratio of the atrial filling wave-to-early diastolic filling wave; DcT, deceleration time of the E wave; GT, glucose tolerance. sion and hyperfiltration (40) (41) (42) . This abundance of glucose tolerance-related factors that modify LV diastolic function and renal Doppler parameters might have extinguished the relation between these two Doppler parameters in patients with glucose intolerance. In the present study, since an increase in plasma glucose levels was correlated with renal hemodynamic change rather than with LV diastolic dysfunction (Tables 3 and 4) , mild abnormalities in glucose tolerance may have more selectively affected intrarenal hemodynamics than LV diastolic function.
The majority of patients in the present study had received antihypertensive drugs and their blood pressure was controlled. As a limitation of this study, therefore, some types of antihypertensive agents may have affected the cardiac function and renal hemodynamics apart from their actions on blood pressure. Angiotensin converting enzyme inhibitors and Ca channel blockers have been shown to inhibit cardiac and renal TGF-β expression and fibrosis in experimental models (43) (44) (45) . In fact, previous studies reported that these types of drugs were effective in improving cardiac performance and intrarenal resistance in hypertensive patients (39, (46) (47) (48) . In the present study, however, multivariate analyses proved that the association between renal Doppler parameters and LV diastolic function was independent of the use of specific types of antihypertensive drugs.
In conclusion, the findings of the present study demonstrated that cardiac diastolic dysfunction assessed by LV filling velocities was significantly associated with renal Doppler parameters related to the increase in intrarenal vascular resistance in patients with treated essential hypertension. Since these cardiac and renal indices evaluated using Doppler echographies are early markers of hypertensive target organ damage, the present findings suggest that cardiac damage and renal impairment in hypertensive individuals might progress in parallel from the primary stage.
